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THE extremely variable tolerance of the brain for foreign bodies intro-
duced through penetrating wounds of the skull has led to a wide diversity of
opinion regarding their treatment. Many cases of prolonged retention of
foreign bodies without symptoms are on record. Elliot's"0 patient was
known to have had a bullet in his brain for 65 years without symptoms, and
other cases have survived 30 years (Martin121), 27 years (Tanaka'33), i8
years (McLean204), piece of steel; Schl6ss,175 knife blade, I7 years; (Mc-
Eachern203), surgical probe; and similar periods.

On the other hand, latent brain abscesses have made their appearance after
I6 years (Urechia'65), II years (Bregman'55), IO years (Ransohoff164),
and lesser intervals; and innumerable cases of late epilepsy are reported.

By far the most common foreign bodies lodged in the brain have been
bullets and the voluminous literature of the various periods of war has
abounded in reports and discussions on the subject. However, in less frequent
instances the brain has been penetrated by almost every other conceivable
instrument. Of these, knife blades are the most common (Babcock,167
Blaine,68 Brown and Birch,'69 Dretzka,170 Guleke,'17 Karschulin,'72 Pep-
per,'73 Schloffer,174 Schldss, 175 Selwyn,'76 Slee,'77 Sommer,'78 Wilkins'79)
and cases have been reported of penetration of the brain by pitchfork prongs
(Kesteven,'198 Hooper'95), a crochet hook (Franklin'91), a knitting needle
(Annandale181), breech-pins (Cunningham,'185 Thompson,21' Kemper,196
Burr,184 Noyes205), surgical instruments (McLean,204 McEachern203), pieces
of wood (Pridioux,207 Matthews,202 Ferguson,189 Key and McCrummen'99),
the rib of an umbrella (Donkin'86), a crow-bar (Harlow194 183), iron rods
(Swanson,209 Pugh208), nails (Levin,200 Felty188), and other bizarre objects.

In the first half of the last century, most surgeons adhered to the con-
servative advice of Sir Benjamin Brodie14 (I828), who stated that no foreign
body should be removed unless it lay on the surface of the brain in an already
open wound. By the middle of the century, some surgeons had begun to
remove foreign bodies in some instances. In the "Medical and Surgical His-
tory of the War of the Rebellion"86 are reported 85 cases of bullet removal,
of which 43 are listed as "recoveries." In i868, Andrews3 reviewed 73 cases
of retained bullet and advocated removal ("and the sooner the better") of all
superficial foreign bodies which could be definitely located and easily
approached. Ten years later, the same opinion was expressed by Wharton88
who collected 3I6 cases. Of these, the foreign body was removed in Io6 cases
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with 72 recoveries and(i nlot removed il 210 cases with onIv 8.8 recoveries.
Similar opinions were exl)resse(l by M orris;} (1t887), ancd Papaillon1"6 (1894).
Hewett andl Lidell4"1 state(l ( i88 I) "Everx reasonable effort should be madie
to extract foreign bodies whenl lodged in the brain."

N\ith the discovery of roentgen rays (first emplovedi for the location of
cranial all(l intracraniial foreign lbodies in 1896 by Stubenhord212 of New
Y'ork, Eulenberg213 and Sclhier214 of Berlin, and( Fowler215 of Brooklyn, in the
order namied), the removal of manay iiiore foreign bodies was attempted.
ln(leed, Phelps126 wrote, "There is I)rol)ablv no authenticated case . . in
which the buillet left in the brain substance has failed to work mlischief," and
in 190o D)a Costa21 stated, "Practically every lo(dged bullet (in the brain)
conistitutes a fatal conditioni and( it shoul(d be removed if possible, even if there
are nio syml)toms."

\Vith the beginning of the WNorld War, another controversy furtlher com-
l)licated the situation. Prior to this timle, the conimonly accepted method of
treatment of penetratinig wounds of the brainl had consisted in removal of
fractturedl bone, leaving the wound, including the (lura mater, open, allowing a
cerebral herniia to develop and the wound to heal (if it would) by secondary
intentionl (vonl Bergmann," Papaillon P' Dovot20). This method was advo-
cate(l again during the war (Whitaker,9 AMoulonguet and Legraine,53
Htun1t45), but Nas cond(leniiied by BArAny,8' 9 Cushing,18' 19, 20 Willems90 and
many others, Nwho advocated early operation, complete debridement and pri-
marv sutuire.

The (liversity of opinion conitilnued throughout the war, both as regards
foreign bodies and the open andl closed methods of treatment. Gross and
Houdard34 advocated primary suture of wounds without removal of foreign
lbodies. Sargent and Holmes68' 69 statedl that only readily accessible foreign
l odies should be removed. On the other hand Dretzka,25 Tilmann,77
Mathieti, 53 Andersoil' and others advised prinmary suture after removal of all
foreign bodies. Moulonguet and Legraine56 thought all foreign bodies should
he remiioved anid the woundl left openi. In I918, Cushing9' 20 advanced the
rationial (loctrilne that foreign bodlies shotuld be removed whenever tlle damage
of renmoval did not exceed the trauma of the original penetration. He
(levised the catheter-suction method of delbridement and employed the "tri-
1od" or "Isle-of-Man" incisions with primary suture in all cases. These
principles were widely accepted (Horrax,42 Neuhoff,59 Harvey,38 \Villems90).

Many special methodls came to l)e employedl. Localizing and extraction
apparatus was designiedI by Hirtz,246 Ferguson,245 Banzet,244 and Swanberg,248
electronmagniets were employed by Lee,238 Cords,234 Lefort,239 Cushing,235 Sar-
gent ancd Holmes,242 La Peyre,237 Mauclaire,240 Spick an(l Jaureginberry,243
Kiinmmell236 and Regard,241 and extraction under the fluoroscopic screen was
a(lvocate(l by Cazamian.227 La Peyre,229 Rouvillois,233 Lee230 and others.*

*In 1903, Holzkiieclbt22 ailticipated the fluoroscope by making plate exposures at
operationi to determinie the location of a previously iniserted probe in relation to the for-
eign body.
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De Martel52 was the first to advocate the use of local anesthesia, which was
widely employed thereafter.

Concerning the late treatment of retained foreign bodies, it was generally
agreed that only those which were very superficial or those which were causing
symptoms should be removed (Bagley,92 Coleman,103 Frazier and Ingham,1"2
Demmer,106 von Eiselsberg'09). This was finally expressed as the official
opinion of the Interallied Surgical Conference."16

That the diversity of opinion alluded to above exists is ample evidence that
the factors underlying the tolerance of the brain for foreign bodies are
poorly understood. On only one of these factors is there unanimity of opin-
ion: all observers agree that penetration of the cerebral ventricles by a foreign
body greatly increases the danger of fatal infection (Harvey,'42 Cushing,'38
Trotter and Wagstaffe,'52 Regard,'50 151 Horrax144 and others). Other fac-
tors, such as the duration of retention, and communication with the sub-
arachnoid space or surface of the skin, have been generally ignored or
disagreed upon.

Experimental work on the subject has been meager. In I862, Flourens250
placed "leaden bullets" upon the surface of the brains of rabbits and dogs and
observed that the presence of a foreign body seemed to predispose to "inflam-
matory action." In I869, Philipeaux and Vulpian254 produced wounds in the
left hemispheres of three dogs and observed that two died, while one recovered.
Kramer and Horsley251 studied the immediate effects of gunshot wounds on
the circulation and respiration. Hortega and Penfield,255 and Penfield and
Buckley,252 have made careful studies of the histology of experimental cere-
bral wounds.

The present report is concerned with a study of some of the various factors
influencing the outcome of penetrating wounds of the brain.

METHODS.-Dogs weighing from five to eight kilograms were used in all
experiments. Experiments were of two general types: those in which a short,
sharp nail about two millimeters in diameter was inserted through the skull to
varying depths and left in place for varying lengths of time and those in
which a lead air rifle shot (about two millimeters in diameter) was introduced
into the brain through a small operative opening in the skull. In the former
series, the animals were given morphia O.I3 Gm. (iY2 gr.) one-half hour
previously; in the latter they were anesthetized with ether.

The nails used were filed until very sharp and, with the animal's head
firmly held on a wooden block, surprisingly little force was required to pierce
the skull to any desired depth. Once through the skull, the nails were held
firmly by the bone and could not be withdrawn without the use of a claw
hammer or other instrument. After a period of two to four days, pressure
necrosis (and, in some instances, infection) of the bone had occurred to a
sufficient extent to render the nails loose and, in several instances, they came
out spontaneously. In no instance was a fracture produced. Subsequent to
the original procedure, all animals were observed frequently. In several
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instances in which obviously fulminating infections developed and at the end
of varying periods in surviving animals, they were painlessly sacrificed.

The same site was chosen in all animals for placing the nail or making the
opening through which the shot was to be inserted. This was a point approxi-
mately 2 cm. above the posterior point of attachment of the left ear to the
scalp. This point corresponds to a "silent" area of the brain and in no instance
were any abnormal neurologic signs demonstrable immediately after the inser-
tion of the foreign body.

Clinical neurologic signs are extremely difficult to evaluate in the dog.
Only those which were quite definite will be mentioned in this report.

The nails and shot were not sterilized nor were they deliberately con-
taminated with any particular organism. Detailed bacteriologic studies were
not made, but, in several instances in which cultures were made from wide-
spread cerebral infections mixed growths of staphylococci, streptococci and
Bacillus coli were obtained.

RESULTS.-Group I.-In I2 dogs, nails were inserted to a depth sufficiently great
to penetrate the lateral ventricle and allowed to remain in place throughout the animals'
lives. Approximately I cm. of the nail was left protruding from the scalp. The results
are given in Table I.

TABLE I

The Effect of a Foreign Body Penetrating and Left Indefinitely in Communication with the
Skin Surface

Duration Blood
Dog of Ventricle in . .
No. Life in Penetrated Frontal

Days Sinus

N I 2 Yes Yes Left ventricle distended with pus. Extensive left
sided meningitis

N 2 2 Yes Yes Left ventricle distended with pus. Extensive left
sided meningitis

N 3 2 Yes Yes Left ventricle distended with pus. Extensive left
sided meningitis

N 4 I Yes No Large hemorrhage in left ventricle. Clot in
posterior fossa

N 5 2 Yes Yes Both lateral ventricles full of pus. Purulent
meningitis on left

N 6 2 Yes No Pus-filled nail tract and ventricle on left. Left
sided meningitis

N 7 14* Yes No (I) Extensive osteomyelitis. (2) Dura adherent
over left hemisphere. (3) Puncture wound
sealed off. (4) Ventricular system distended
pus

N 8 26t Yes No Chronic healing meningitis; chronic inflammation
and necrosis extending to ventricle and in-
volving choroid plexus. Multiple microscopic
abscesses in adjacent area
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TABLE I-Continued

N 9 6 Yes Yes Ventricular system full of pus. Widespread
meningitis

N io 3 No No Large left sided subdural abscess, extending to
floor of middle fossa

N iI 3 Yes No Dura adherent at puncture site. Extensive
ependymitis in lateral ventricles; gross pus in
third and fourth ventricles and about brain
stem

N I2 2 Yes No Adhesions over left hemisphere. Pus in left
lateral, third and fourth ventricles and about
the base; ependymitis in right lateral ventricle

* Nail came out spontaneously on sixth day. Animal died on Lourteenth day.
t Nail came out spontaneously on fifth day. Animal sacrificed on twenty-sixth day.

One dog (N 4) died on the day on which the nail was inserted and was found to
have a large intraventricular hemorrhage. Six dogs died on the second day, two on the
third day and one on the sixth day after insertion of the nail. In eight of these nine
animals, the nails were found to have penetrated the ventricles, and a widespread ven-
tricular, cerebral, and meningeal infection was present. In six of these animals, the
ventricles were distended with pus. In the ninth animal (N io) who died on the third
day, the nail had not penetrated the ventricle and the necropsy revealed a large subdural
abscess.

Clinically, the signs in these nine animals were those of overwhelming infection and
general impairment of the function of the central nervous system. Lethargy, rapidly
progressing to stupor, coma and death, was present in all. Hemiplegia was apparently
complete in Dog N io shortly before death. None of the animals had definite choking
of the optic disks.

In one dog (N 7), the nail came out spontaneously on the sixth day. The animal
ate well, was quite active and there were no apparent symptoms until the twelfth day
when he became drowsy, refused food and grew rapidly worse. He died on the four-
teenth day. During these two days, he developed high choking of the disks. At necropsy,
the ventricular system was full of pus, but the puncture wound in the cortex was sealed
off and apparently the outlet from the fourth ventricle was also obstructed, for no
inflammation was found in the meninges.

In the single remaining experiment in this group (N 8), the animal was very ill
for five days. He was apathetic, staggered and tended to fall to the right. The optic
disks became hyperemic and their edges blurred. Pus exuded around the nail. On the
fifth day, the nail came out spontaneously, and following this the dog slowly improved
until, on the twenty-first day, he was entirely free of symptoms, ate well, and was quite
active. The scalp wound had gradually ceased to discharge and was healed. The dog
was sacrificed on the twenty-sixth day. Necropsy showed dense adhesions of the thick-
ened dura and arachnoid and a walled off, chronically inflamed tract extending into the
ventricle. Microscopically, the choroid plexus was found bound up in the chronic inflam-
matory process and there were numerous small adjacent abscesses, several of them con-
taining fragments of bone. Compound granular corpuscles filled with phagocytized mate-
rial were numerous and an area of gliosis extended well into the surrounding cerebral
tissue.

In five of these dogs, there was terminal bleeding from the nose and at necropsy
the frontal sinuses were found filled with blood. The cause of this is not clear and it is
mentioned here as an incidental finding.
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Comml-ent.-It was apparent from these experiments that a numiber of
factors might play a part in the development, severity and extent of the
infections produced. Among these were the duration of retention of the
foreign body, depth of penetration, and communication with skin, sub-
arachnoid space and ventricle. Subsequent groups of experiments were

designed to demonstrate the importance of these factors.

Grouip 11.-In 12 dogs, nails were inserted as in Group I, but were removed at the
end of 24 hours in four dogs, 12 hours in four dogs and immediately after insertion in the
remaining four dogs. The results are given in Table IIL In three of the four dogs
retaini'ng the nail for 24 hours, death occurred in four, two and three days, respectively.
In two of these, the ventricle was penetrated, but in one of them (N i5), the infection
found at -necropsy did not involve the ventricle.

TABLE II

The Effect of a Deeply Penetrating Foreign Body Left in Communication with the Skin Surface
for Twenty-four Houirs or Less

Interval Interval

Dog Before Before Spontaneous Ventricle PotremFnig
No. Removal Death or Death or Penetrated PotremFnig

Iof Nail, Sacrifice, Sacrifice
in Hours in Days

N 13 24 57 Sac. No Brain healed. Small cortical scar
N 14 24 4 Sp.d. No Small focus of cortical necrosis.

No other cause of death found
N 15 24 2 Sp.d. Yes Large subdural abscess on left

with inflamma~tion in outer
portion of nail tract

N i6 24 3 Sp.d. Yes Large cortical abscess with in-
volvement of left ventricle

N 25 12 62 Sac. Yes Brain healed. Small cortical scar
adherent to dura with tiny core

extending to ventricle
N 26 12 62 Sac. No Brain healed. Superficial cor-

tical scar
N 27 12 3 Sp.d. Yes Widespread purulent meningitis,

and encephalitis. Left ventri-
cle full of pus

N 28 12 8i Sac. Yes Brain healed. Scar tissue core

extending to ventricle

N 17 0* 6o Sac. Yes Brain healed. Scar tissue core

extending to ventricle
N 18 0* 102 Sac. Yes Brain healed. Scar tissue core

extending to -ventricle
N 19 0* 86 Sac. No Brain healed. Small cortical scar

N 20 0 * 20 Sp.d. Yes Died of distemper. Brain healed

* In these animals, the nail was withdrawn immediately after its insertion.

In dog N 14, death occurred on the fourth day, but the necropsy revealed only a

small focus of superficial cortical necrosis and the ventricle had not been penetrated.
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Dog N I3 recovered and was sacrificed on the fifty-sevenith day. The brain was healed
and the ventricle had not been penetrated.

Three of the four dogs in whom the nails were left in place for only I2 hours
recovered, and, when sacrificed after long intervals, showed no active intracranial infec-
tion. In two of the three, the ventricles had been penetrated. The remaining animal
(N 27) died oni the third day of a fulminatinig infection involving the ventricle.

All of the four dogs from whose brains the nails were removed immediately after
insertioni recovered without symptoms at any time and their brains were healed at
necropsy. Onie of them died on the twentieth day of acute distemper. The ventricles had
beeni penetrated in three of the four dogs.

T5 IT7u9 1:0

FIG. i.-Dog N 22. Well walled off abscess 21 days after penetration by foreign body.

Comnwnent.-The experiments in this group showed clearly that the dura-
tion of retention of a foreign body communicating with the surface of the skin
was a factor of prime importance and that, under these experimental condi
tions, the period of retention following which recovery was likely was not
greater than 12 hours. Sargent67 has stated that a delay of two to four days
after receipt of the wound is advisable before operation is undertaken. The
same opinion was concurred in by Cushing18 in I9I6, but he later apparently
believed in earlier operation.19' 20 Trotter and Wagstaffe80 advocated extrac-
tion of foreign bodies within 12 hours if possible. The present experiments
are in support of this opinion.

Groutp III.-In eight experiments, the foreign bodies were inserted as in the pre-
ceding groups except that the nails were shorter and the approximate depth of cortical
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penetration was 6 to IO Mm. in four dogs and 2 to 3 Mm. in four dogs. Table III
shows the results. In seven of the experiments, the nail came out spontaneously in from
two to eight days. Six of the eight animals recovered spontaneously and showed no
active infection when sacrificed. One (N 22) died on the twenty-first day and necropsy
showed a large, well localized cortical abscess (Fig. I). The remaining dog (N 32)
died of a fulminating infection on the second day. The infection involved the ventricle
and it is possible that the latter was penetrated by the nail.

TABLE III

The Effect of a Superficially Penetrating Foreign Body Left in Communication with the Surface
of the Skin. Ventricle Not Penetrated

Interval Interval Approximate
Dog eSpontaneous Before Spontaneous Depth of
Dog SpnanosDeath or Death or Cortical Postmortem Findings

No. Loss of Sacrifice, Sacrifice Penetration,
Nail, in

in Days in Mm.Days

N 21 4 44 Sac. 6-iO Adherent dura. Small cor-
tical scar

N 22 8 2I Sp.d. 6-IO Large, localized cortical ab-
scess. Local osteomye-
litis

N 23 4 44 Sac. 6-IO Surface of brain red. Light
dural adhesions. Cor-
tical scar

N 24 5 44 Sac. 6-io Small cortical scar

N 29 3 66 Sac. 2-3 No gross lesion in brain
N 30 4 66 Sac. 2-3 Tiny cortical scar
N 31 2 66 Sac. 2-3 Local dural adhesion to cor-

tical scar
N 32 2 2 Sp.d. 2-3 (?) Large subdural and cerebral

abscess extending into
left ventricle

Comment.-It is to be noted that the foreign bodies were retained in all
the experiments in this group well beyond the period of safety found in ani-
mals whose ventricles had been penetrated (Groups I and II). It is apparent,
therefore, that penetration of the ventricle greatly increases the danger of a
fatal outcome in such wounds. This is in accord with the clinical opinions
already cited.

Group IV.-In eight experiments, the scalp was closed over the nail. In four of
them, the head of the nail was left outside the temporal muscle and just beneath the
scalp (Table IV). Three of these dogs died of extensive purulent meningitis with cortical
infection in three, six and five days, respectively. One of these (N 32) had a large
cortical abscess (Fig. 2). In all these, there was purulent exudate and necrosis in the
overlying muscle. The fourth dog recovered and at necropsy on the thirty-second day
only a small subdural hematoma without meningeal or cortical infection was found. The
muscle was densely adherent and fibrosed but was healed.
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FIG. 2.-Dog N 36. Large necrosing cortical abscess five days after penetration by foreign body.

TABLE IV

The Effect of a Penetrating Foreign Body Over Which the Scalp Has Been Closed

Interval
Before Spontaneous Length

Dog Death or Death or Postmortem Findings and Depth
No. Sacrifice, Sacrifice of Nail

in Days

N 33 3 Sp.d. Extensive purulent meningitis. Small, Nail, I.5 cm
shallow cortical abscess long, with

N 34 32 Sac. Chronic subdural hematoma. No appar- head in-
ent infection about nail serted to

N 35 6 Sp.d. Purulent meningitis. Small localized outer sur-
cortical abscess f a c e o f

N 36 5 Sp.d. Purulent meningitis. Large localized cor- skull
tical abscess

N 37 2 Sp.d. Small cortical abscess. No gross menin- Headless nail
gitis inserted

N 38 37 Sp.d. Well walled off subdural and cortical thro u g h
abscesses bone

N 39 74 Sac. Brain firmly healed about nail, Tip in
ventricle

N 40 74 Sac. Brain firmly healed about nail
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In the other four dogs, the nails were headless and were inserted completely through
the skulls by means of a steel pin with which they were driven. Dog N 37 died on the
second day. Necropsy revealed only a small cortical abscess. Dog N 38 died on the
thirty-seventh day with a large, well walled off subdural and cortical abscess (Fig. 3A).
The other two dogs recovered completely. There was no infection about the nails,
although in one of them (N 39) the tip of the nail had penetrated the ventricle (Fig.
3B). The muscle was completely healed in all except N 37. In the three animals in
this group who recovered, the nails were completely isolated from the free subarachnoid
space by dense dural adhesions.

Comment.-These experiments suggest that communication of a penetrat-
ing foreign body with the subarachnoid space considerably increases the danger
of fatal infection and that this danger is further augmented if the foreign

_I i H i ::@_1:_H11 Ill __LH Iffittill .L4LIJI
i1TTtTTt21f tT lsTh 6a 7 8 9 14 IL 112 13

(A) (B)
FIG. 3.-Headless nails were inserted into the cortex. (A) Dog N 38.-Large subdural and small

cortical abscess, thirty-seventh day. (B) Dog N 39.-The brain is healed about the nail. The tip
of the nail has penetrated the ventricle, seventy-fourth day.

body protrudes into the soft tissues overlying the skull. Angerer,4 in I9I4,
stated that all patients with wounds penetrating the dura died. This statement
is somewhat extravagant, but the danger of communication of foreign bodies
with the subarachnoid space has not been generally recognized.

Group V.-In each of eight dogs, an air rifle shot was inserted into the brain through
an operative opening in the skull. The operations were performed under aseptic condi-
tions except that no attempt was made to sterilize the shot which were picked up with
a fine sterile forceps and inserted into the cortex to the desired depth. The wounds were
closed in layers with silk.

In four experiments the shot were inserted to a depth of approximately IO to I5
Mm. (Table V). All four animals recovered without having developed symptoms at any
time. At necropsy, the shot were found firmly bound about with dense fibrous adhesions
from which a scar tissue "core" as described by Penfield and Buckley'3 led to the cortical
surface (Fig. 4). The ventricle had not been entered in any case.

In the other four experiments, the shot were inserted to a depth of 20 to 30 Mm.
Dogs N 52 and N 54 were sacrificed when severe symptoms appeared on the sixth and
twentieth days, respectively. In both, the shot had traversed the ventricle and lay deep
in the base of the brain. The inflammatory reactions in both were of a chronic nature
with organization and fibrosis (Fig. 5). Both showed a low grade basilar meningitis.

182



VolIIme 103 PENETRATING WOUNDS OF THE BRAIN
Number 2

TABLE V

The Effect of the Penetration of a Non-protruding Foreign Body Into the Brain

Depth to Period
Dog Which Shot Before
No. Was Inserted, Sacrifice, Postmortem Findings

in Mm. in Days

N 4I I0I5 io6 Shot embedded in scar with core leading to cortex
N 42 10-I5 85 Shot embedded in scar with core leading to cortex
N 43 10-15 254 plus Still living
N 44 10-15 I28 Shot embedded in brain. Thin core leading to cortex

N 5I 20-30 50 Scar tissue core marks tract of shot
N 52 20-30 6* Hemorrhagic, organizing abscess. Mild basilar menin-

gitis
N 53 20-30 92 PlUS Still living
N 54 20-30 20* Small, superficial cortical abscess; tract about shot heal-

ing; fibrinopurulent exudate at base

* These animals were sacrificed when severe symptoms appeared.

Dogs N 5i and N 53 recovered completely. In the former, the shot was found at the
bottom of a healed tract, as in the previous group. Dogs N 43 and N 53 have been
preserved alive for histologic study of a more long standing healing process.

Comment.-The uniform recoveries in the first four experiments of this
group constitute strong evidence that the high incidence of fatal infection
found in the preceding groups was the result of continuous communication of
the foreign body with the skin surface, the ventricle or the subarachnoid space.
This is substantiated by the development of infections (though less severe than
in previous groups) in two of the four animals in which the ventricle was
traversed by the shot. This does not necessarily imply a greater intrinsic
resistance to infection on the part of the cerebral tissue, but rather suggests
that the greater danger of contamination of the ventricles or subarachnoid
space arises from the rapid spread of the infection by means of the cerebro-
spinal fluid. This is borne out by the findings in dog N 7 (Group I) who
survived I4 days with an extensive intraventricular infection which was sealed
off from the adjacent cerebrospinal fluid spaces.

Groulp VI.-In six dogs, nails were inserted into the brain to a depth of approxi-
mately IO Mm. (as in Group III). After varying intervals, under ether anesthesia and
with aseptic precautions, the nails and surrounding area of bone (about 2 cm. in diame-
ter) were removed and the dura widely opened. The wounds were then packed open.
The results are given in Table VI.

In the first two dogs, the operation was performed two days and in the third three
days after insertion of the nail. Active infection was found in two of these three animals.
All three made complete recoveries after operation. The wounds drained freely at first,
then gradually filled with granulations and healed. N 45 and N 46 were completely
healed on the fifteenth day and N 47 on the nineteenth day after operation.

In the remaining three animals, operation was performed five days after insertion
of the nail in N 48 and seven days in N 49 and N 50. Dog N 48 died the day follow-
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TABLE VI

The Effect of the Operative Rem9val of a Penetrating Protruding Foreign Body with Its Sur-
rounding Area of Bone and Dura Mater. Wound Left Open

Interval
Between

Dog Insertion Postoperative Spontaneous
No. of Nail Operative Findings Period, Death or Postmortem Findings

and in Days Sacrifice
Operation,
in Days

N 45 2 No gross infection 84 Sac. Brain healed. Adhesions.
Cortical scar

N 46 2 Small amount of subdural 169 plius - Still living
pus

N 47 3 Small amount of subdural 65 Sac. Small cortical scar. Dural
pus adhesions

N 48 5 Small amount of subdural I Sp.d. Localized cerebral abscess
pus

N 49 7 Cortical granulations. No I4 Sp.d. Walled off subdural abscess
pus

N 50 7 Extensive purulent menin- o* Sp.d. Extensive meningitis and
gitis encephalitis extending into

ventricle

* Animal died as anesthetic was begun.

ing operation and was found to have a large localized cerebral abscess. Dog N 50 died
as the anesthetic was begun. Hasty removal of the nail with release of pus unlder
great tension failed to resuscitate him. At operation dog N 49 was found to have no
actual purulent exudate, but definite evidence of infection. The wound drailled pro-
fusely and the animal was free of symptoms until the twelfth day after operation. On
this day, he was listless and drowsy, refused food and water and looked ill. All extremi-
ties were moved well and the reflexes were normal. The following day, high choking
of the optic disks was observed. Drainage had greatly diminished. On the fourteenth
day the animal died. Necropsy revealed that the infection had become walled off to form
a large subdural abscess.

Commnent.-These experiments demonstrate that the increase in likelihood
of recovery resulting from removal of a protruding foreign body may be aug-
menited by ensuring adequate drainage, providing subdural or cortical infec-
tion is already established.

SUMMARY AND CONCLUSIONS

The effects of penetrating wounds of the brain by protruding foreign
bodies and by deeply embedded foreign bodies have been studied in 54 dogs.
The foreign bodies were unsterile and were inserted to varying depths and
left in place for varying periods of time.

Foreign bodies penetrating the ventricle and allowed to remain protruding
through the skin invariably produced a fulminating, fatal infection of
meninges, brain and ependyma.

Removal of the protruding foreign body within I2 hours after its insertion
greatly reduced the incidence of fatal infection.
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Failure to penetrate the ventricle by a protruding foreign body considerably
reduced the incidence of fatal infection.

Closure of the scalp over the inserted foreign body reduced the incidence
of fatal infection and prolonged the survival time if infection developed.

Deeply embedded foreign bodies which did not communicate with the skin
or subarachnoid space did not cause fatal infection unless the ventricle had
been traversed.

In the presence of established superficial cerebral infection about protrud-
ing foreign bodies, early adequate drainage greatly reduced the mortality rate.

The following therapeutic suggestions may be made:
(i) Foreign bodies in the brain which are in communication with the

skin, the subarachnoid space or the ventricular system should be removed at
the earliest possible moment.

(2) Deeply embedded foreign bodies not falling in the category just men-
tioned should be removed only if focal irritation or destructive symptoms are
present.

(3) If infection already exists about a superficially placed or protruding
foreign body, its removal should be accompanied by the establishment of'
adequate open drainage.
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Cunningham, J. M.: Wound of the Brain. Lancet, vol. 2, p. 559, I837-I838.
Cushing: See ref. 20-

130 Exner, A., and Karplus, J. P.: Extraktion eines Projektiles aus dem dritten Gehirn-
ventrikel. Exitus. Wien. klin. Wchnschr., vol. 26, p. II52, I9I3.

40Felty, J. W.: An Abscess of the Brain Caused by a Nail in the Head. Phila. Med.
News, vol. 65, p. 7IO, i894.

141 Fowler, R. H.: Craniocerebral Wounds Due to Projectiles. ANNALS OF SURGERY,
vol. 7I, P. 560, 1920.

142 Harvey: See ref. 3.
43Heard, L.: Punctured Wound of the Brain. Boston Med. and Surg. Jour., vol. 68,

p. 380, I863.
144 Horrax: See ref. 42.
141 Jaeger, R.: Schussverletzung des Gehirns mit Verweilen der Kugel im IV Ventrikel

wahrend 4Y2 Jahre. Munch. med. Wchnschr., vol. 59, p. 2io8, I9I2.
140Jefferson, G.: See ref. 47.
147 Neuhoff: See ref. 'O.
148 Newton and Brown: See ref. .

149 von Podmaniczky, T.: Uber den Spiitabscess und die Spatepilepsie nach Schadelschuss.
Zeitschr. f. d. ges. Neurol. u. Psych., vol. 43, p. 264, I9I8.

1O Regard, G. L.: Corps ltrangers des Ventricules Cerebraux. Presse Med., vol. 27,
p. 645, I919.

151 Regard: See ref. 63
1 Trotter and Wagstaffe: See ref. 8.

(IV) PAPERS REPORTING OR DISCUSSING LATENT ABSCESS AFTER PENETRATING

WOUNDS OF THE BRAIN

Bampton, A. H.: A Case of Bullet in Brain (Nine Months): Abscess: Operation:
Recovery. Brit. Med. Jour., vol. 2, p. II89, I899.

Blanc, H.: Fracture de la Base du Crane par Balle de Revolver.-Hemipleg`e
Corticale avec aphasie.-Absces de Cerveau.-Ouverture du Foyer et Extraction de
la Balle.-Mort par Encephalite Diffuse. Arch. Gen. de Med. (8th series), vol. i,

P. 470, I897.
115 Bregman, E.: Uber posttraumatische Spiitabscesse mit Beriucksichtigung eines Bac-

terium coli-Abscesses. Neur. Polska, vol. I5, pp. 232 and 399, 1933. Abstracted in
Deutschr. Zeitschr. f. d. ges. gerichlich. Med. (reforate), vol. 22, p. I89, I933-1934.

1 Dretzka: See ref. 5
15 Felty: See ref. 140*
18Gibson, J. E.: Pistol Shot Wound of the Brain. Patient Lives Six Years with the

Bullet in the Brain. Nashville Jour. Med. and Surg., vol. 33, p. 207, I879.
" Hashimoto and Kiroiwa: See ref. 3.
Marchand (no initials) : Demonstratien eines Gehirns mit mehrfachen abszessen und
eingeheiltern Projektil 3 Jahre nach des Schussverletzung. Munch. med. Wchnschr.,
vol. 50, p. 2I22, I903.

11 Meyer, W.: Cyst of the Brain Due to Shot-wound: Jacksonian Epilepsy: Craniotomy:
Cured. ANNALS OF SURGERY, vol. 6i, p. 101, 1915.

6 Newington, A.: Gunshot Wound of the Brain: Death After Seven Weeks. -Brit. Med.
Jour., vol. I, p. 593, i88i.

von Podmaniczky: See ref. 148
184Ransohoff, J.: Gunshot Injury of the Brain, with Late Manifestations After Imme-

diate Recovery. Trans. Am. Surg. Assn., vol. 27, p. 586, I909.
11Urechia, C.-J.: Absces Cerebral Traumatique Apres Seize ans de Latence. Paris-

Med., vol. 87, p. 274, 1933 (pt. med.).
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10' Witzel, 0.: Die Schadelfistel und der Gehirnabszess niach Schussverletzung. Miuch.
med. Wchnschr., vol. 63, p. 209, I9I6.

(V) PAPERS REPORTING THE LODGMENT OF FOREIGN BODIES OTHER THAN

PROJECTILES OF WAR IN THE BRAIN

KNIFE BLADES

Babcock, W. W.: Penetrating Wounds of the Skull: By an Automobile Bolt; by a
Carpet-tack; by a Pen-knife. Interni. Clinics, vol. I, p. I34, 1925.

Blaine (no initials): Knife Blade in Brain. Am. Jour. Roentgenol., vol. 4, p. 622, I917.
Brown, G. W., and Birch, T. J.: Report of a Case of Knife-blade Injury of the Brain.
Proc. Phila. County Med. Soc., vol. IO, p. 397, i889.

170 Dretzka: See ref. 2.
Guleke (no initials) : Demonstration eines Falles von Stichverletzung des Gehirns.

Berlin. klin. Wchnschr., vol. 44, p. 702, I907.
12 Karschulin, A.: Kasuistische Mitteilungen. Wien. med. Wchnschr., vol. 63, p. 269,

I9I3.
73 Pepper, W.: Punctured Wound of Orbit-Traversing the Orbit and Entering Brain.

Death from Hemorrhage into the Skull. Am. Jour. Med. Sci., vol. 52, p. 427, I886.
17 Schloffer, H.: Stichverletzungen des Gehirns durch Taschenmesser. Med. Klinik,

vol. 25, p. I539, 1929.
75Schloss, H.: LJber Stichverletzungen des Gehirns. Wien. med. Wchnschr., vol. 6o,

P. 798, I9IO.
176 Selwyn, C.: Deep Penetration of the Brain by a Knife. Lancet, vol. 2, p. i6, I837-

I838.
'T Slee, R.: A Knife-blade Found in the Brain Years After Its Entrance, Death Re-

sulting from Other Causes. Phila. Med. News, vol. 59, p. 95, I89I.
78 Sommer, R.: Messerstichverletzung des Gehirnes und die Behandlung den Impressions-

frakturen. Med. Klinik, vol. 26, p. 272, I930.
"Wilkins, J.: Foreign Body in the Brain. Brit. Med. Jour., vol. I, p. 542, I890.

OTHER FOREIGN BODIES

8Abel, H. M., and Colman, W. S.: A Case of Puncture of the Base of the Brain by
the Spout of an Oil Can, in Which There Was Loss of Memory of Previous Events.
Brit. Med. Jour., vol. I, p. 356, i895. (Spout of Oil Can.)

"Annandale, T.: Case in Which a Knitting-needle Penetrated the Brain Through the
Orbit. Recovery with Loss of Sight in One Eye. Edinburgh Med. Jour., vol. I26,
p. 89I, I877. (Knitting-needle.)

182Babcock: See ref. '7. (Bolt and Carpet Tack.)
183 Bigelow, H. J.: Dr. Harlow's Case of Recovery from the Passage of an Iron Bar

through the Head. Am. Jour. Med. Sci., vol. 20, p. I3, i850. (Crow-bar.) Also
reported by Harlow, see ref. ".

184 Burr, G.: Notes of a Case of Lodgment of a Fragment of Iron in the Substance of
the Brain; Death in Four Months; Autopsy. Am. Jour. Med. Sci., vol. 84, P. 59,
I882. (Breech-pin of Gun.)

185Cunningham: See ref. ". (Iron Screw from Pistol.)
186 Donkin, H.: Left Hemiplegia and Left-sided Deafness After Wound of Brain Through

Right Orbit. Probable Lesion of Internal Capsule and Ferrier's Auditory Centre.
Brain, vol. 5, p. 554, I882-I883. (Rib of Umbrella.)

187 von Eiselsberg, A.: Einen I4 jahrigen Jungen mit geheilter schwerer Hirnverletzung
durch einen Saber. Wien. med. Wchnschr., vol. 87, p. 25, I928.

18 Felty: See ref.'0l. (Nail.)
9 Ferguson, F. N.: A Penetrating Wound of the Skull and Brain. N. Y. Med. Jour.,

vol. 64, p. 360, I896. (Splinter of Wood.)
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90Fowler, E. P.: Penetrating Wound Through the Orbit into Middle Fossa. Arch.
Ophthalmol., vol. 10, p. I90, I927. (Glass Tube.)

91 Franklin, G. C.: Death from Puncture of the Brain by a Crochet-hook. Lancet, vol.
I, p. 667, I876. (Crochet-hook.)

Gaultier-de-Claubry: Observation de Plaie de l'Encephale. Arch. Gen. de Med., vol.
25, p. 489, I83I. (Saber.)

"93Gunn, F. H., and Fairbrother, H. C.: Deep Wound of Brain. Jour. Am. Med. Assn.,
vol. 62, p. I634, I9I4. (Axe.)

.9 Harlow, J. M.: Passage of an Iron Rod Through the Head. Bost. Med. and Surg.
Jour., vol. 39, p. 389, i3848. (Crow-bar.) Also reported by Bigelow, see ref. 1.

Hooper (no initials): Case of a Man Who Had a Pitchfork Driven into His Head
Four Inches, Who Speedily Got Well. March io, i8o6. Reported by Mason, F., in
Lancet, vol. I, p. 700, I870. (Pitchfork.)

w"Kemper, G. W. H.: A Case of Lodgment of a Breech-pin in the Brain; Removal on
the Second Day; Recovery. Am. Jour. Med. Sci., vol. 89, I28, I885. (Breech-pin
of Gun.)

"Kennedy, R.: Case Presenting a Sinus Which Traversed the Cranium Completely,
and Contained Some Portions of a Straw Hat Carried into the Brain by Means of
a Spike: Operation: Recovery. Glasgow Med. Jour., vol. 63, p. 42, I905. (Portions
of a Straw Hat.)

1Kesteven, W. B., and Harris, F. H.: Case of a Boy, aet. I3, Who Lay for Nine Days
after a Fall, in which one of the Prongs of a Farming Fork Had Passed Through the
Brain. Trans. Path. Soc. of London, vol. 25, p. I3, I874. (Prong of Farming
Fork.)

9 Key, S. N., and McCrummen, T. D.: Foreign Body in the Brain. Jour. Am. Med.
Assn., vol. 99, p. 1502, I932. (Wooden Pen-holder.)

200 Levin, J. P.: An Unusual Case of Self-inflicted Wounds Through the Skull Followed
by Recovery. Brit. Med. Jour., vol. 2, p. 930, I928. (Nails.)

2" Maclaren, P. W.: Case of Punctured Wound of the Brain. Edinburgh Med. Jour.,
vol. 7, p. 645, i862. (Iron Spike.)

202Matthews, S.: Extraction of Intracranial Foreign Bodies. Brit. Med. Jour., vol. 2,
p. 75, I9I6. (Wooden Splinter.)

203 McEachern, J. S.: A Probe in the Cranial Cavity for Seventeen Years. Canad. Med.
Assn. Jour., vol. 24, p. 692, I93I. (Surgical Probe.)

" McLean, S. H.: A Piece of Steel in the Brain Eighteen Years. South. Med. Jour.,
vol. II, p. 245, I9I8. (Piece of Surgical Forceps.)

202 Noyes, H. D.: A Case of Lodgment of a Foreign Body in the Cavities of the Nose,
Orbit and Cranium, Where It Remained Five Months; Removal by Operation; Sub-
sequent Trephining for Pus in the Brain; Death; Autopsy. Am. Jour. Med. Sci.,
vol. 84, p. 45, i882. (Breech-pin of Gun.)

20 Pearson, J. T.: Entrance of a Piece of Lead, Two Ounces in Weight, Into the Center
of the Brain; Death Resulting Twenty-seven Hours After the Receipt of the Injury.
Lancet, vol. I, p. 287, i865. (Pieces of Lead.)

207 Pridioux, E.: Penetrating. Wound of the Orbit, Involving the Brain. Lancet, vol. 2,
p. 846, I882. (Hazel-stick.)

"Pugh, J. R.: Penetrating Wounds of the Skull. Jour. Indiana State Med. Assn., vol.
26, p. I, I933. (Steel Rod.)

Swanson, J. C.: Fourth of July Accident: Foreign Body Through Brain. Jour. Am.
Med. Assn., vol. 96, p. I382, 193I. (Iron Rod.)

210 Tilmann (no initials): Ein Fall von Extraction eines Nadel aus dem Grosshirn.
Deutsch. med. Wchnschr., vol. 22, p. 352, i896. (Nail.)

211 Thompson, J. H.: Gun-shot Wound. Extensive Laceration of the Brain, without Loss
of Consciousness or Impairment of Mind. Am. Jour. Med. Sci., vol. 6, p. 85, I843.
(Breech-pin of Gun.)
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(VI) EARLY PAPERS REPORTING THE USE OF ROENTGEN RAYS FOR THE

LOCALIZATION OF INTRACRANIAL FOREIGN BODIES*
' Stubenbord, W.: A Practical Demonstration of the Rontgen Rays with an Exhibition

of Shadow-graphs and Apparatus. Brooklyn Med. Jour., vol. Io, No. I2 (Decem-
ber), p. 737, I896. (Presented before the Brooklyn Med. Soc., June I9, i896, with
a demonstration of the making of r6ntgen-ray photographs on a patient with a bullet
in the orbit.)

21 Eulenberg, A.: Kugeln im Gehirn; ihre Auffindung und Ortsbestimmiung mittels
Rontgenstrahlen-Aufnahmen. Deutsch. med. Wchnschr., vol. 22, No. 33 (August
13), P. 523, I896. (Two cases. First patient seen June IO, I896, x-ray photographs
made apparently about five to six weeks later. Actual photographic prints pasted
in the journal. Second case undated.)

214 Schier, M.: Zur Anwendung des Rontgen'schen Verfahrens bei Schussverletzungen
des Kopfes. Deutsch. med. Wchnschr., vol. 22, No. 40 (October I), p. 648, I896.
(Presented before the surgical section of the 68th Versammlung der Gesellschaft
deutscher Natuerforschur und Aertz in Frankfurt A.M., on September 25, i896.)

215Fowler, G. R.: A Case of Gunshot-wound of the Head in Which the Bullet Was
Located by Means of the R6ntgen-rays and the Telephonic Probe, and Removed by
Operation. Recovery. Brooklyn Med. Jour., vol. IO, No. I2 (December), p. 753,
I896. (Read before the Brooklyn Surg. Soc., November 5, i896. Bullet lay in the
globe of the left eye.)

216 Lucas, R. C.: Removal of a Bullet and of a Detached Fragment from the Interior of
the Skull, After Localization by X-rays. Arch. of the Roentgen Ray (London),
vol. 2, P. 33, I897.

217 Meyer, W.: Skiagraph of Bullets in the Brain. ANNALS OF SURGERY, vol. 25 (pt. I),
P. 478, 1897.

' Bunce, P. D.: Bullet Located in the Motor Area of the Brain with X-rays. Med.
Rec., vol. 5I, P. 563, I897.

29Braatz, E.: Beitrag zur Hirnchirurgie. Kugelextraktion aus den Gehirn mit Hilfe
des R6ntgenverfahrens. Centralbl. f. Chir., vol. 25, P. I, I898.

von Bergmann, E.: See ref. .
Chlumsky, V.: Zur Kugelextraktion aus den Gehirn mit Hilfe des R6ntgenverfahrens.

Beit. z. klin. Chir., vol. 25, P. 364, I899.
"Barker, A. E.: Gunshot Wound of the Brain Through the Mouth. Lancet, vol. 2,

P. 1508, I899.
'Keen and Sweet: See ref. 117
2'Holzknecht, G.: Eine neue Methode der Fremdk6rperentfernung aus dem Gehirn:

Extraktion wahrend der Rontgendurchleuchtung. Wien. klin. Wchnschr., vol. I6,
P. 779, I903.

' Sheen, W.: A Case of Bullet Wound of the Brain. Lancet, vol. 2, p. 825, 1904.
226 Toussaint, M. H.: See ref. ".

(VII) PAPERS ADVOCATING REMOVAL OF INTRACRANIAL FOREIGN BODIES

UNDER THE FLUOROSCOPE (SEE HOLZKNECHT, REF. 224)

' Cazamian, P. (reported by Rochard, E.): Deux cas d'extraction tardive a la pince,
sous l'ecran radioscopique, en un seul temps, de projectiles intracerebreux. Bull. et
Mem. Soc. de Chir., vol. 42, p. I436, I9I6.

" Derache (reported by Mauclaire): 8o cas de blessures de la vofite du crane par projec-
*Roentgen's first communication on roentgen rays was made to the Wurtzburg

Sitzungsberichte physik.-med. Gesellschaft in December, I895, and a translation was
published in Science (N. Y.), vol. 3, p. 227 (February 14), I896.
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tiles de guerre dans une formation de l'Avant. Bull. et Mem. Soc. de Chir., vol. 42,
p. 625, I9I6.

22 La Peyre (no initials): Extraction a l'aide de l'llectro-aimant sous le contr6le de
l'1lcran Radioscopique d'un Rclat intracerebral. Bull. et Mem. Soc. de Chir., vol.
44, p. ii8o, I9I8. Reviewed in Rev. Neurol., vol. 26, p. 239, 19I9.

230 Lee, J. R.: Removal of Intracranial Foreign Body Under X-rays. Brit. Med. Jour.,
vol. I, p. 447, I9I6; also in Jour. Roy. Army Med. Corps, vol. 26, p. I05, I916.

231 Mauclaire, P.: A propos de l'Extraction a l'aide de l'llectro-Aimant, sous le con-
tr6le de l'lcran Radioscopique d'un lclat intracerebral. Bull. et Mem. Soc. de
Chir., vol. 44, p. I485, I9I8; also reviewed in Rev. Neurol., vol. 26, p. 240, I9I9.

232 Regard: See ref. 150
23 Rouvillois: See ref. 6f

(VIII) PAPERS ADVOCATING THE USE OF THE ELECTROMAGNET IN THE

EXTRACTION OF INTRACRANIAL FOREIGN BODIES

211 Cords (no initials): Bemerkungen zur Magnetextraktion von Granatsplittern aus dem
Gehirn. Munch. med. Wchnschr., vol. 63, p. IIOO, I9I6.

Cushing: See refs. 19, 2.
Kiimmell (no initials): Anwendung des Riesenmagneten zur Entfernung von Granats-

plittern aus dem Gehirn. Deutsch. med. Wchnschr., vol. 43, p. 669, 1917.
237 La Peyre: See ref. 229.
' Lee: See ref. 2.
223Lefort: quoted by Derache: See ref. =.
240 Mauclaire: See ref. a
" Regard: See ref. l.
242 Sargent and Holmes: See ref.
24 Spick and Jaureginberry: See ref. 7.

(IX) PAPERS DESCRIBING APPARATUS FOR THE LOCALIZATION AND EXTRACTION

OF INTRACRANIAL FOREIGN BODIES

244 Banzet: See ref. 92
245 Ferguson, J. N.: A New System of Localization and Extraction of Foreign Bodies in

the Brain: A Preliminary Note. Brit. Jour. Surg., vol. 6, p. 409, 19I8-I9I9.
240 Hirtz, E.-J.: Localisation et txtraction des Projectiles Intracerebraux. Presse Med.,

vol. 24, p. 307, I9I6.
247Keen and Sweet: See ref. '1.
248 Swanberg, H.: Gunshot Injuries to the Brain. Report of Eleven Cases with Special

Reference to the Roentgen Localization Findings. Am. Jour. Roentgenol., vol. 8,
P. 445, I92I.

(X) PAPERS REPORTING EXPERIMENTAL STUDIES ON WOUNDS OF THE BRAIN

240Brown-S6quard, C. E.: On the Production of Haemorrhage, Anaemia, Oedema and
Emphysema in the Lungs by Inijuries to the Base of the Brain. Lancet, vol. I,
p. 6, I871.

2' Flourens: Dublin Med. Press, July to December, I862. Quoted by Wharton, see
ref. '.

2 Kramer, S. P., and Horsley, V.: On the Effects Produced on the Circulation and
Respiration by Gunshot Inj uries of the Cerebral Hemispheres. Proc. Roy. Soc.
London, vol. 55, p. 278, I894.

2"2Penfield, W., and Buckley, R. C.: Punctures of the Brain. The Factors Concerned
in Gliosis and Cicatricial Contracture. Arch. Neurol. and Psychiat., vol. 20, p. I,
1928.
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Philipe (no initials): Sur la Cicatrisation des Plaies du Cerveau. Compt. Rend.
Soc. de Biol., vol. 3 (7th series), p. 256, I882.

204 Philipeaux, J.-M., and Vulpian, A.: Plaie Considerable de l'Hemisphere Gauche
Produite Sur Trois Chiens-Examen des Centres Nerveux a des Epogues Variees
Apres le Jour de l'Operation-Absence de Degenerations Secondaires de l'Isthme
Encephalique et de la Moelle lpinere. Arch. de Physiol. Norm. et Pathol., vol. 2,
p. 66i, I867.

'del Rio-Hortega, P., and Penfield, W.: The Reaction of Neuroglia and Microglia to
Brain Wounds. Johns Hopkins Hosp. Bull., vol. 41, p. 278, I927.
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